INTRODUCTION
Vinegar is the world s oldest cooking ingredient and a common liquid food product consisting of acetic acid and water. It is also used as an ingredient in salad dressings, ketchup, and other sauces. Vinegar is produced by fermentation of raw plant materials containing sugar and starch. The production process consists of 2-stage fermentation. The first stage is alcoholic fermentation by yeasts and the second stage is acetic fermentation by acetic acid bacteria 1 3 .
There are two methods to produce vinegar. One is via a traditional slow, surface culture methods process and the other is via a submerged fast process 4 . In the traditional process, acetic acid bacteria grow abundantly on the media surface because the oxygen concentration is high there. Submerged methods are usually used in the semi-continuous process for industrial vinegar production and they are characterized by a faster acidification process in which oxygen is supplied in the fermentation 3 . There are many
Rice vinegar is an aged and filtered product obtained from the acetic fermentation of sugars derived from rice. It is very common in Asian countries and its excellent flavor forms together with herbs, spices, and fruits due to its mild own flavor 5, 6 . Commercial rice vinegar consists of water, acetic acid, sugars, and other secondary constituents that contribute to smell, taste and preserving qualities. The whole fermentation of rice vinegar is very complex and contains many physical and chemical reactions, which also lead to color changes during the fermentation period 6 .
There are different kinds of rice vinegar depending on the production method and the rice species. Komesu and condiments and healthcare products, and even as medicines 5 . In China, there are several kinds of vinegar such as aromatic vinegar, mature vinegar, rice vinegar, and white vinegar 11 . Chinese vinegar can have high volatility depending on the ingredients and production procedures. Zhenjiang vinegar is the most famous aromatic vinegar in Southern China. It is produced from sticky rice, koji a specific fermented cereal containing molds, yeasts, and bacteria and sticky rice husk 12, 13 Epidemiological studies have indicated that there is a negative correlation between the intake of fruits and vegetables and occurrence of cardiovascular disease. Fruits and vegetables are a good source of phenolic compounds, vitamins E and C, carotenoids and phytosterols 18 . It was
shown that vinegar has benefits on human health such as improving the digestive system, lowering lipid levels, regulation of blood pressure, stimulating appetite, and promoting recovery from exhaustion. Additionally, vinegar has antioxidant effects due to its high content of polyphenols, and it prevents lipid peroxidation, hypertension, hyperlipidemia, inflammation, DNA deoxyribonucleic acid damage, and cancer 5, 9 . It also has anti-glycemic effects on human health 19 .
5-Hydroxy-4-phenyl-butenolide Fraglide-1 is a functional compound found in Kozu Chinese Zhenjiang fragrant vinegar . It is a butenolide compound, a class of lactone with a four-carbon heterocyclic ring structure 20 Fig. 1 .
Butenolide compounds are known to have anti-cancer effects and bactericidal, fungicidal, antiviral, anti-inflammatory and antitumor properties 21 . It was shown that Fraglide-1 also has certain health benefits such as anti-fungal 22 and anti-obesity effects 23 . Tsujino found that
Fraglide-1 from Kozu is an agonist for peroxisome proliferation-activated receptor γ PPARγ at the cellular level 23 .
Also, an in vivo study has shown that Fraglide-1 has an anti-obesity effect in mice 24 . Furthermore, the anti-oxidant activity of Fraglide-1 in cells was also reported 25 . However, the content of Fraglide-1 in vinegars and their ingredients has not been investigated. In this study, we aimed to quantify Fraglide-1 in different kinds of vinegar and their ingredients to understand the origin of Fraglide-1.
EXPERIMENTAL 2.1 Chemicals and Materials
Methanol and hexane were purchased from Kokusan Chemical Ltd. Tokyo, Japan . LC-MS/MS grade acetonitrile and ultrapure water were purchased from Wako Pure Chemical Industries, Ltd. Osaka, Japan . 5-Hydroxy-4-phenyl-2 5H furanone 5-hydroxy-4-phenyl-2 5H butenolide Fraglide-1 , CAS number: 78920-11-3 standard was obtained from TCI Chemical Industry, Ltd. Tokyo, Japan . Vinegar and other food samples were purchased from a supermarket in Tokyo. Kozu samples were obtained from Kojun Japan Co. Ltd. Osaka, Japan .
Preparation of standard solution and calibration
curves The stock solution of Fraglide-1 standard was prepared at 10 mg/ML in methanol. The calibration standards of 1000, 100, 10, and 1 ng/mL were then prepared with ultrapure water.
Sample preparation
Ten mL of vinegar sample was diluted with 90 mL methanol and mixed homogenously, subsequently filtered and injected into the LC-MS/MS. For rice samples, a cleanup procedure was needed first. For this purpose, 10 g sample was homogenized with 90 mL methanol on ice using blender at 15000 rpm for 5 min. The homogenate was filtered through filter paper and the methanol samples were washed 3 times with hexane to eliminate any fat from the sample. After that, the methanol extract was concentrated to 10 mL with a rotary evaporator, the extract was filtered through a 0.45-μm hydrophilic nylon syringe filter Filtstar Syringe Filter, Starlab Scientific Co. Ltd., Shaanxi Province, China and injected to the LC-MS/MS. furanone, 5-hydroxy-4-phenyl-2 5H butenolide .
Instrumentation and chromatographic condition for LC-MS/MS analysis
The LC-MS/MS analysis was carried out using the Shimadzu LC-20AD Shimadzu Co., Kyoto, Japan equipped with an ABSciex Qtrap 4500-ESI AB Sciex, Framingham, MA with negative polarity. Ion source parameters were: curtain gas pressure, 30 psi; collision gas pressure, 7 psi; ion spray voltage, 4500 V; ion source temperature, 300 , ion source gas 1, 50 psi; ion source gas 2, 80 psi. Qualification transition and confirmatory transition ions were 176.6 131.1, 176.6 103 m/z in MRM mode. An Inertsil ODS-3 column 150 2.1 mm with 3 µm particle size GL Sciences Inc., Tokyo, Japan was used for separation which was carried out using 100 ultrapure water and 100 acetonitrile as mobile phases with isocratic elution 80:20, v/v . The flow rate was 0.2 mL/min and elution took 20 min. Analyses were carried out in triplicate and the quantification was carried out using a calibration curve. The limit of quantification was defined as signal/noise s/n ratio 10 26 .
RESULTS AND DISCUSSION
According to an WHO report more than 600 million adults are obese and a total of 1.9 billion adults are overweight in the world 27 . Obesity is the most important risk factor for metabolic diseases such as hyperlipidemia, hypertension and type 2 diabetes 28, 29 . Vinegar has many physiological functions and it was reported that the acetic acid is responsible for its anti-glycemic and anti-obesity effects, and its ability to regulate lipid metabolism 30 .
One of the functional compounds in vinegar is Fraglide-1 from Kozu. Tsujino found that Fraglide-1 from Kozu is an agonist for PPARγ at the cellular level 23 . In this study, 21
kinds of vinegar samples, 24 vinegar ingredients, and 8 Kozu samples were analyzed. The results of the vinegar analysis are summarized in Tables 1-3 . An s/n ratio 10 was employed to quantify the Fraglide-1 content in the samples. As a result, there was no Fraglide-1 found in fruit and vegetable vinegars. Kaki Japanese persimmon and its derived vinegar contain various bioactive compounds 31 ;
however, we did not find any Fraglide-1 in kaki. A high content of Fraglide-1 was however detected in Kozu samples, even though sticky rice and alcoholic fermented The production of Kozu includes several different technologies. The first step of the fermentation alcoholic fermentation includes gelatinization with vapor and a saccharification process, adding koji and alcohol fermentation. The second step, acetic acid fermentation, continues by adding sticky rice husk. Acetic acid fermentation lasts about 20 days. The characteristic odor and aroma formed during the fermentation is produced by volatile compounds. After leaching the process, a decoction process is conducted to pasteurize the vinegar before further storage. During this step, a series of reactions may occur like the Maillard reaction, decomposition, degradation and esterification 13, 14, 32 .
One characteristic fragrance of Kozu vinegar is a burnt and caramel-like odor due to the furan, pyrazine and lactone compounds. Furanic compounds were found at higher levels compared to other aroma compounds 13 .
Acetic acid, ethyl acetate, furfural, phenethyl alcohol, tetramethylpyrazine, 3-hydroxy-2-butanone and benzaldehyde and 44 other aroma compounds were identified in Kozu vinegar 14 . Fraglide-1 is a furanone compound which comes from sticky rice husk. In the decoction process, several reactions occur which may lead to a higher Fraglide-1 content in the final product. However, Fraglide-1 has not been determined in an aroma analysis of Kozu vinegar in the literature. It was shown that wheat husk can normally be used for Zhenjiang vinegar production 32 . The
Kozu samples that we analyzed were produced with Chinese sticky rice husk; this production method is dated and not popular at present. These differences would support our idea that Fraglide-1 in Kozu comes from Chinese sticky rice husk. The differences of Fraglide-1 contents in the Kozu samples could be ascribed to the different content of Fraglide-1 in Chinese sticky rice husk used for production. As a result, it can be said that Fraglide-1 may come from Chinese sticky rice husk and can be generated during the vinegar production process.
CONCLUSIONS
In our study, the levels of Fraglide-1, a novel functional component expected to have an anti-fungal and anti-obesity effect, were quantified in Kozu samples, sticky rice husk, and Kurosu samples. For identifying the mechanism of generating this compound, it is necessary to conduct further studies profiling aromatic components using GC-MS during different stages of Kozu and Kurozu vinegar fermentation.
